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Abstract 
Dioxins and Furans are generated unintentionally during incineration of halogenated hazardous waste which warrants 
adequate pollution control measures. International Agency for Research in Cancer(IARC) reported that population 
exposed to the most highly carcinogen 2,3,7,8-TCDD (one of the congener of dioxin) is more prone to increased risk 
of cancer, beyond this, societal risks are enhanced to people living in nearby areas even if they are not exposed 
directly . The study compares societal costs of dioxin & furan emission with events such as water borne diseases, rail 
and road accidents etc. The basic approach is adopted to convert impact of various risks into reduction in life span of 
the total population to form a common basis for comparison. Th
and furan emission where emission control costs and societal costs are equal. This is an attempt to develop a 
conceptual approach to consider societal cost as one of the determinants for developing emission standard in future. 
The reason is that the break even number 0.15 ng TEQ/Nm3 should not be taken as sacrosanct since studies are based 
on a variety of assumptions. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are group of 
halogenated organic compounds which are significant because they act as environmental pollutants. They 
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are commonly referred to as dioxins for simplicity in scientific publications because every PCDD 
molecule contains a dioxin skeletal structure. Typically, the p-dioxin skeleton is at the core of a PCDD 
molecule, giving the molecule a dibenzo-p-dioxin ring system. Members of the PCDD family have been 
shown to bio-accumulate in humans and wildlife due to their lipophilic properties, and are known 
teratogens, mutagens, and suspected human carcinogens.  
Based on the technology, rotary kilns followed by secondary combustion chambers as the incineration 
system for hazardous wastes coupled with Air Pollution Control Devices (APCDs) for various pollutants, 
techno-economic feasibility and performance evaluation study, emission standards for Dioxin & Furans 
have been prescribed by the Central Pollution Control Board (CPCB), India. In evolving emission 
standards, societal risk abatement cost and long term marginal cost aspect had not been considered. This 
paper is based on this study. 
 
1.1. Objectives of the study 
 
The primary objectives of the study were 
 To compare the societal cost of a specific pollutant with societal cost of other causes of mortality.  
 
  To develop an approach that would attempt to relate the cost of pollution control to the societal 
cost consequent to a standard specified for the pollutant. These societal risk abatement cost 
should be compared with that corresponding to the environment standards for dioxin & furan. 
  
1.2. Health Impacts 
 
(1) Toxicity 
2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) is the most toxic of the congeners. Other dioxin 
congeners (or mixtures thereof) are given a toxicity rating from 0 to 1, where TCDD = 1. This toxicity 
rating is called the Toxic Equivalency Factor, or TEF. 2, 3, 7, 8- TCDD is considered to be an extremely 
toxic compound. The oral LD50 for experimental animals varied from 0.6 μg/kg body weight for sensitive 
female Guinea pig while mice and rabbits were hundred times less sensitive. Thus the lethal dose, as 
tested on experimental animals, varies significantly with the species probably due to varying 
sensitivity[1]. Information on lethal dose of 2,3,7,8- TCDD and related compounds to humans is not 
available. One characteristic of the toxicity of 2, 3, 7, 8- TCDD is that the death is not instantaneous but 
occurs long after the dosing. During the period before death, there is often a drastic reduction in weight 
(wasting syndrome)[1]. 
(2) Carcinogenicity 
In February 1997, the program of the International Agency for Research on Cancer (IARC) 
Monographs on the Evaluation of Carcinogenic Risks to Humans, convened a Working Group of experts 
and observers from 11 countries in Lyon, France, to evaluate the evidence that polychlorinated dibenzo-p-
dioxins (PCDDs) and polychlorinated dibenzo furans (PCDFs) might be risk factors for human cancer [2]. 
The conclusion arrived by the Working Group was, after considering the human and animal cancer 
data together with all of the other experimental data and  overall evaluations and classifications, that 
2,3,7,8-tetra-chlorodibenzo-p-dioxin (TCDD) is carcinogenic to humans.  
The only data on increased risk for all cancers combined due to exposure to TCDD is based on four 
cohort studies of herbicide producers. These studies involve the highest exposures to TCDD among all 
epidemiologic studies. An increased risk for all cancers combined (approximately 1.4 fold) was seen in 
cohort studies. This risk factor is used in the present study for the health impact of Dioxin [2]. 
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1.3. Standards 
 
In the guidelines published by the Central Pollution Control Board (CPCB) for incineration of 
hazardous wastes, combustion system considered appropriate is Rotary Kiln followed by Secondary 
Chamber. Air pollution control devices considered appropriate are quencher (air), injection of lime and 
activated carbon for controlling dioxins and furans, bag filters for removal of suspended particulate matter, 
wet scrubbers (caustic) for acidic gases and finally release of gases through a stack of adequate height. 
Since the operation of such facilities is considered important for proper treatment of waste as well as to 
control pollution, the guidelines also specify operating parameters. 
These guidelines formed the basis for prescribing emission standards for common hazardous waste 
incinerators, keeping in view least possible emission of dioxins and furans into the environment. The 
practicability and affordability were also considered while fixing standards and consultation with stake 
holders was carried out. The standard prescribed for the emission of total dioxins and furans is 0.1 ng 
TEQ/Nm3.  
 
1.4.  Deaths and Reduction in Life Span 
 
The primary objective of the present assignment was to compare the risks and societal costs of dioxin 
emission with the risks and societal costs of other events such as water borne diseases, rail and road 
accidents etc. The basic approach adopted was to convert all the risks into reduction in life span of the 
total population. This then provides a common basis for comparison. 
 
2.  Methodology 
 
The following are the steps followed to arrive at the reduction in life spans. 
 Obtain the data on the deaths for various years due to a cause 
 Find the average deaths for a period of 10 years 
 Distribute the population by age group 
 Obtain the data on average life span for the year for the total population 
 Assuming that deaths reflect the population distribution by age, distribute deaths by age group 
determine the life-years lost by each age group per year 
 Determine the total life years lost by the whole population per year. 
 Calculate the total reduction in the life span of the whole population in minutes per year per 
person. 
 
3. Results and Discussion 
 
Basic data and typical calculations for Cholera are presented in Tables 1, 2, 3, 4[3]. The summary of 
above calculations, for various causes of deaths, is presented in Table 5 and Fig. 1. Deaths due to dioxin 
were calculated as 40% of deaths due to cancer considering the risk factor of 1.4 for cancer due to dioxin. 
Table 1. Basic Data. 
Sr. No. Item Data 
1 Average Cholera Deaths/year 1996-2005 12 
2 Projected Population in 2005  110,55,35,000 
3 Life Expectancy 2001-2005 64.8 years 
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Table 2. Reduction in Life Years due to Cholera. 
Age 
Group 
Average 
Age  
% in Age 
Group 
Multiplier Death in the 
Age Group* 
Life Expectancy Years  
Lost 
Life Years 
Lost 
0-4 2 10.4 0.104 1.25 64.8 62.8 78.4 
5-8 6.5 10.7 0.107 1.28 64.8 58.3 74.9 
9-14 11.5 11 0.11 1.32 64.8 53.3 70.4 
15-19 17 10.7 0.107 1.28 64.8 47.8 61.4 
20-24 22 9.3 0.093 1.12 64.8 42.8 47.8 
25-29 27 8.1 0.081 0.97 64.8 37.8 36.7 
30-34 32 7.4 0.074 0.89 64.8 32.8 29.1 
35-39 37 6.7 0.067 0.80 64.8 27.8 22.4 
40-44 42 6 0.06 0.72 64.8 22.8 16.4 
45-49 47 5 0.05 0.60 64.8 17.8 10.7 
50-54 52 4.1 0.041 0.49 64.8 12.8 6.3 
55-59 57 3.1 0.031 0.37 64.8 7.8 2.9 
60-64 62 2.5 0.025 0.30 64.8 2.8 0.8 
65-69 67 2 0.02 0.24 64.8 -2.2 
70-74 72 1.5 0.015 0.18 64.8 -7.2   
75-79 77 1.1 0.011 0.13 64.8 -12.2   
80+ 80 0.4 0.004 0.05 64.8     
*It is obtained by multiplying average Cholera deaths per year during 1996-2005 i.e. 12 deaths per year (Table 1) with the 
multiplier (Table 2). 
Table 3. Reduction in Life Span by Age due to Cholera. 
Average 
Age  
Life Years 
Lost 
Population Days in 
a Year 
Hours in 
a day 
Minutes 
per Hour 
Minutes 
in a Year 
Life Minutes  
Lost 
Reduction in Life Span 
/Person in Minutes 
2 78.4 114975640 365 24 60 525965 41235656 0.36 
6.5 74.9 118292245 365 24 60 525965 39394779 0.33 
11.5 70.4 121608850 365 24 60 525965 37027936 0.30 
17 61.4 118292245 365 24 60 525965 32294251 0.27 
22 47.8 102814755 365 24 60 525965 25141127 0.24 
27 36.7 89548335 365 24 60 525965 19302916 0.22 
32 29.1 81809590 365 24 60 525965 15305582 0.19 
37 22.4 74070845 365 24 60 525965 11781616 0.16 
42 16.4 66332100 365 24 60 525965 8625826 0.13 
47 10.7 55276750 365 24 60 525965 5627826 0.10 
52 6.3 45326935 365 24 60 525965 3313580 0.07 
57 2.9 34271585 365 24 60 525965 1525299 0.04 
62 0.8 27638375 365 24 60 525965 420772 0.02 
67   22110700 365 24 60 525965     
72   16583025 365 24 60 525965     
77   12160885 365 24 60 525965     
80   4422140 365 24 60 525965     
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Table 4. Overall Reduction in life Span due to Cholera. 
Total Life Years Lost/year Days in Year minutes in a day Life Minutes lost   population Minutes lost per 
person/year 
458.1 365 1440 240777360 1105535000 0.217792616 
 
Table 5. Reduction in Life Span Due to Various Causes of Death. 
Cause Reduction In Life Span Minutes/person/year 
Cholera 0.22 
Train 2.7 
Kala Azar 3.7 
Hepatitis 16.5 
Gastro 65.4 
Dioxin 566  
Cancer 1414 
Road 1724 
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Fig. 1. Reduction in life span. 
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3.1. Cost of Dioxin and Furan Emission Control
3.1.1. Methodology
Data on the stack emissions of Dioxin and furan was collected for various operating incinerators.
Similarly data on capital costs and costs of operation and maintenance (O & M) were collected. The
annual amortized cost on capital investment for various incinerators using different technologies for 
incineration and emission control was worked out assuming10 years as the life of incinerator and 10%
interest on capital investment. This was added to the O&M cost per tonne (cost per day divided by total
waste incinerated per day). These two costs i.e., amortized cost (Rs/tonne) and O&M cost (Rs/tonne)
were added to arrive at the total cost (Rs/tonne). These costs were then plotted against the emission values
to illustrate their relationship.
3.1.2. Estimated Costs and Emissions
The relationship between dioxins & furans emission and cost/tonne is presented in Fig. 2 for captive
incinerators and in Figure 3 for common hazardous waste incinerators. It should be recognized that these
relations are based on limited data. It is necessary to collect data with repeated observations of emission,
corresponding to feed quantity and its chlorine content. The data (Fig. 2) indicates a reasonably
significant statistical relation between emission and cost/tonne for the captive hazardous waste
incinerators (R2 = 0.78).
 
 
Fig. 2. Relation between Dioxin Emission and Cost of Incineration, for Captive Incinerator.
On the other hand, the relation between emission and cost/tonne for the common hazardous waste
incinerators (Fig. 3) is not statistically significant (R2 = 0.23).It is to be recognized that these relationships
are plotted only as a part of the development of a conceptual approach. In reality there is no such relation
because all technologies of hazardous waste incineration and emission control are designed to achieve, as
far as possible, zero emission of dioxin. The variations in dioxin emission are due to a variety of reasons
including O & M practices and characteristics of feed in terms of chlorine content, and not because of 
choosing a less expensive technology of incineration and emission control.
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Fig. 3. Relation between Dioxin Emission and Cost of Incineration, for Common waste Incinerators. 
3.2. Prediction of Ground Level Concentrations of Dioxin& furans
The ground level concentrations (GLCs) have been calculated for different levels of dioxin (PCDDs)
& furan (PCDFs) emission from stack of common facilities.
The Maximum GLC was calculated using two models i.e. SCREEN 3 model and ISCST model. Since
meteorological data was not available for specific locations, the maximum possible GLCs of dioxin &
furan were estimated under worst metrological conditions.
3.3. Ambient Air Quality Standards
Japan is the only country which has specified an ambient air standard 0.6 pg per cubic meter in the
atmosphere for dioxin [4].
WHO has specified a standard for Total Daily Intake (TDI) of 1- 4 pg TEQ/kg body weight/day. 
Considering average body weight of 60 kg and air intake of 20 m3/day (with 5% inhalation contribution),
the allowable concentration levels were calculated to be  0.15 0.60 pg TEQ/m3 in ambient air.
3.4. Emission Levels and Societal Costs
The societal cost is linked with levels of dioxin and furan in the ambient air due to various point and 
non-point sources (including vehicles etc) around the hazardous waste incinerators as well as contribution
of dioxin and furan due to stack emission from incinerators (impact on GLC).  Based on the consideration
that there is no cushion for additional dioxin and furan in the ambient air and it was decided to consider 
0.00015 pg TEQ/m3 as the permissible addition of dioxin and furan into the ambient air from the stack 
emission of incinerators. The following section describes the actual methodology used to determine the
societal costs consequent to dioxin and furan emissions.
The distance at which the ground level concentration (GLC) of 0.00015 pg TEQ/m3 occurs from
the stack was then calculated for various stack emissions ranging from 0.025 ng TEQ/Nm3 to 0.5
ng TEQ /Nm3 using ISCST-3 model for common incinerator installed at Ankleshwar. From this,
the area affected was calculated.
Using the population density for district Bharuch in 2005 of 261 persons/sq. km., corresponding
population affected, was calculated for different emission levels and permissible GLC of 
0.00015 pg TEQ/m3. After the affected population was determined, the loss of life span of 566
minutes per year per person (Table 5) due to dioxin and furan was applied to the affected 
population to calculate the total loss of life years in the affected area.
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The societal cost was then calculated based on the average income of Rs. 23241 per person per 
year for the year 2005.
These calculations are presented in Table 6 and Fig. 4. The data shows, as expected, that the societal
cost rises exponentially as the emission levels are increased and consequently the distance for the selected 
GLC increases.
Table 6. Dioxin and furan emission, affected area and corresponding population with societal cost.
Dioxin and furan
emission from 
stack, ng
TEQ/Nm3
Desired ground 
level 
concentration, pg 
TEQ/m3
Predicted
distance
from the
stack (m)
Area 
affected,
sq. km
Population in
affected area
Reduction in 
life span due to
dioxin (year)
Societal cost for 
dioxin and furan 
(Rs/year)
0.00015 7500 177 46099 49.6 1153742
0.00015 15000 707 184397 198.6 4614967
0.1 0.00015 30000 2826 737586 794.3 18459866
0.2 0.00015 60000 11304 2950344 3177.1 73839465
0.3 0.00015 90000 25434 6638274 7148.5 166138796
0.4 0.00015 120000 45216 11801376 12708.5 295357860
0.5 0.00015 150000 70650 18439650 19857.0 461496656
Fig. 4. Relation between dioxin and furan emission from stack and societal cost of the affected population in the affected area.
3.5. Comparison of Emission Control Costs and Societal Costs
oxin and furan
emission where emission control costs and societal costs are equal to each other. This emission standard 
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This combined curve 
is presented in Fig. 5.
Fig. 5. Comparison of annual cost of incineration and emission control of dioxin and furan with consequent societal costs at various
emission levels.
4. Conclusions
(1) The present work has, in general and to a large extent, conceptualized an approach to achieve the 
objectives specially:
(a) The concept of life span reduction was developed which seems to be an effective tool to bring
various causes of mortality to a common platform.
(b) The concept also permits the computation of societal cost.
(2) The societal costs, combined with costs associated with a given standard for emission control, can
lead to a rational approach incorporating economic aspects in the development of standards.
(3)The study also provided useful insight into the requirement of data for more rigorous study. For 
example
(a)The need for more extensive and intensive data base for ambient air quality especially for specific
pollutants.
(b) Similarly more data on emissions from incinerators handling hazardous wastes coupled with
meteorological data is also required
(4) It must be emphasized that the present study should be considered more as a development of an
approach, to be widely discussed, vetted and modified as required. It should not be taken as sacrosanct 
ch are generated using a number of assumptions in absence of real and 
valid data.
(5)It is to be recognized that there is no relation in reality between emission of dioxin & furan and
cost of incineration of hazardous wastes and control of emission of dioxin & furan. This is because all
technologies of hazardous waste incineration and emission control are designed to achieve, as far as
possible, zero emission of dioxin and furan. The variations in dioxin emission are generally, due to a
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variety of reasons including O & M practices and characteristics of feed in terms of chlorine content, and 
not because of choosing a less expensive technology of incineration and emission control. 
(6)It should also be recognized that the societal costs calculated here are based only on mortality. The 
cost of treatment, hospitalization and consequent economic loss are not factored in as reliable and valid 
data on these aspects is difficult to obtain. This means that the societal costs as calculated here are lower 
than the real costs. 
(7)The health impact has only considered mortality directly attributable to dioxin and furan. It does 
not include synergistic or antagonistic health impacts due to other pollutants in the ambient air. This once 
again would impact the societal costs. 
(8)At a more fundamental level, the issue of sustainability of economic considerations in the framing 
and setting of standards is debatable. From a public health point of view, a policy that would balance the 
pacted by the emission of a pollutant against the cost of 
control of the pollutant is unacceptable. 
The policy that mandates the control of pollution to prevent adverse health impact, irrespective of the 
cost of such control, should remain the guiding policy for framing standards of emission. 
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